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1. Introduction 
 
NOAA’s Center for Operational Oceanographic Products and Services (CO-OPS) is 
modernizing techniques for monitoring and measuring sea level sensor elevation by 
establishing continuous Global Navigation Satellite Systems (cGNSS) directly at 
National Water Level Observing Network (NWLON) stations. From June 2018 to July 
2019, CO-OPS established long-term cGNSS stations at six different NWLON sites: 
Virginia Key, FL; Galveston, TX; Dahlgren, VA; Newport, RI; San Juan, Puerto Rico; 
Pensacola, FL. The purpose of this document is to describe the system design details of 
the cGNSS stations that CO-OPS has established to date [1-6].  
 
This design document focuses on the following system components: GNSS receiver, 
GNSS antenna, power system, communications system, and data telemetry methods.  
Details of antenna mounting hardware used at CO-OPS installed cGNSS stations to 
date are not discussed here since features vary with each site. Site specific details of 
each station’s installation can be found in field installation reports [1-6]. Also, it should 
be noted that antenna siting and installation methods are still a work in progress. 
 
At the time this document was written, all of the six cGNSS field stations that have been 
installed by CO-OPS consist of Trimble brand components. Based on an updated 
review of commercial-off-the shelf available GNSS equipment, CO-OPS has recently 
procured several Septentrio brand GNSS systems, for future installations at NWLON 
sites. Familiarization, integration and testing with Septentrio components remains a 
work in progress. This first version of CO-OPS cGNSS system design document will 
focus solely on Trimble based systems. This will be an evolving document that gets 
revised and reissued following CO-OPS implementation of new cGNSS station 
components.  
 
 
 
 
 
 
 
 
 
 
 
 
 



2. System Requirements   
 
The following is a summary of top level cGNSS measurement requirements for CO-
OPS primary applications of interest. These requirements are the foundation for the 
GNSS receiver configuration settings and data-telemetry schemes described in the 
following sections: 

 
● Satellite data sampling rate: 30s (in part based on results in reference 7) 
● Satellites tracked: GPS and GLONASS 
● Raw log file size: 24 hrs (daily based on GMT time, covering 00:00:00 - 23:59:30) 
● Data telemetry frequency: once per day 
● Data files telemetered: raw .T02 files (Trimble proprietary binary format) 
● Aside from physical location, the GNSS system will be standalone and 

independent of the NWLON system, in terms of power, data logging and 
telemetry, so as not to interfere with NWLON operation.  

● A best attempt should be made to collocate the GNSS antenna with the NWLON 
stations primary water level sensor (required for data to be used for sensor 
stability monitoring).  

 
Requirements associated with vertical reference measurements to be obtained via level 
survey are discussed in a separate document [8]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
3. System Design 

 
The schematic in figure 1 provides a high level overview of cGNSS system design for all 
CO-OPS installations to date. The system’s primary components can be classified into 3 
categories: 
 

1) GNSS Measurement System: receiver, antenna 
2) Communications: Wireless gateway modem, antenna 
3) Power: Solar panel, batteries, charge regulator 

 
Figure 1. cGNSS system design schematic. 

 
 



 
3.1 GNSS System Receiver and Antenna 
 
Trimble components have been used in all CO-OPS cGNSS field stations to date. 
Receiver models used include both the NetR9 and Alloy. During 2018, Trimble 
discontinued the NetR9 model receiver and then offered the Alloy as a replacement. 
The Alloy is very similar to the NetR9, just with a few enhancements. All differences are 
relatively minor in the context of CO-OPS applications. The software, firmware and 
associated user interface for both receivers is close to identical. As such, only one 
description of receiver software configuration, relevant to both units, is documented 
below. Detailed technical specifications provided by the vendor for both receiver models 
are included as appendices A and B. 
 
All of CO-OPS’ NetR9s and Alloys are equipped with firmware versions 5.3 or higher, 
which includes capabilities to track GPS, GLONASS, SBAS, Galileo, BeiDou and QZSS 
constellations. Currently, receivers are configured to track only GPS (L1/L2/L5) and 
GLONASS (L1/L2/L3) signals based on requirements listed above (and in part driven by 
CO-OPS and NGS limited processing capabilities). 
 
Two different types of Trimble antennas have been used across the 6 different field 
installations - the Zephyr Geodetic II and III. Similar to the two different model receivers, 
technical differences between the two antennas can be considered minimal for CO-OPS 
applications of interest.   
 
3.1.1 Trimble NetR9 GNSS Receiver 
 
Figure 2 shows annotated pictures of the front and back panels of the NetR9 receiver. 
The front panel offers a simple display screen and a control pad for checking system 
status and configuration settings in the field. Although the front panel control pad offers 
basic capabilities to change receiver settings, it is recommended that it is not used for 
this purpose. For CO-OPS applications, configuration settings should only be changed 
via laptop interface and the receivers web user interface or programmatic interface. 
 
The back panel includes all receiver ports and connectors for power, communications, 
and GNSS antenna interface. Detailed labels are included in figure 2 and cabling is 
discussed in more detail in section 3.4.  



 
Figure 2. Trimble NetR9 Receiver, front and back panels.  

 
 

Additional details on the NetR9 receiver can be found on the UNAVCO NetR9 resource 
page [9]. 
 
 



3.1.2 Trimble Alloy GNSS Receiver 
 

Figure 3 shows annotated pictures of the front and back panels of the Alloy receiver.  
The Alloy was officially released as the replacement for the NetR9 during January 2018.  
The Alloy is essentially an updated improved version of the NetR9 with enhanced 
features including a ruggedized IP68 housing, modernized satellite tracking, and 
additional software updates that allow use as as a campaign receiver for post-
processing, portable base station for Real-time Kinematic (RTK) applications, or as a 
scientific reference station. For all of CO-OPS GNSS applications of interest, most user 
interface and software configuration settings for the Alloy will be identical to those of the 
NetR9.  
 
Similar to the NetR9, the front panel includes a simple display and basic control buttons. 
The setup of the back panel ports and connectors are slightly different than those of the 
NetR9 as shown in figure 3 pictures and annotations.  



 
Figure 3. Trimble Alloy Receiver, front and back panels.  

 
One noteworthy enhancement to the Alloy is the addition of a built in wifi capability. 
When enabled, this allows any nearby user with a PC, recognized CAC ICC, receiver 
encryption code, and two step verification credentials to easily connect the receivers 
web user interface or programmatic interface. The Alloy wifi connection provides a 



convenient interface option for initial system configuration in the laboratory, or for 
checking the system status immediately following field installation. Before a field 
installed system is to be left for long term data collection, the wifi capability must be 
disabled to reduce power consumption. 
 
3.1.3 Trimble Zephyr Geodetic Antennas 
 
CO-OPS cGNSS field installations have included both Zephyr Geodetic (ZG) II and III 
model antennas. Similar to receivers, the ZG III is just an improved version of the ZG II. 
The majority of updates to the ZG III are associated with internal electronics and 
firmware. The external components and appearance of both models are close to 
identical. 
 
The following ZG antenna features in part resulted in selection for CO-OPS 
applications:  
 

● Full GNSS tracking; GPS, GLONASS, Galileo, Beidou, QZSS 
● Robust low elevation satellite tracking 
● Minimized multipath 
● Sub-millimeter phase center to antenna reference point (ARP) calibration 
● Ideal for fixed/static reference stations 
● Improved signal reception in harsh signal environment 
● Lightweight supports collocation with primary NWLON water level sensor  

 
Figure 4 shows photos of the top and bottom of a Zephyr Geodetic II antenna, with key 
components labelled.  Major features are similar on the ZG model III. 
 
The two most important differences between the two antenna models to be addressed 
by the user: 
 

1. Antenna type ID numbers are different. The correct ID must be selected when 
configuring the receiver.  ID number for the ZG II is TRM55971.00 and for the ZG 
III is TRM115000.00. 

2. The vertical position between the phase center and ARP is different for each 
model. The vendor provided offset is printed on the back of each antenna as 
shown in Fig. 4. Correct selection is critical for a variety of different vertical 
reference applications.   

 



 
Figure 4. Top and bottom of Zephyr Geodetic 2 antenna. 

 
At all six CO-OPS GNSS stations, a SECO brand Adjustable Tilt Monument Adapter 
was used to mount the ZG antennas atop a mast, consisting of either 1.5 inch or 2 inch 
pipe. Figure 5 shows a picture of the SECO adapter and an example field installation. 
SECO adapter features include:  



● A removable brass 5/8 x 11 male stud (threads to antenna base) that is 
adjustable in azimuth. 

● The 5/8 x 11 male stud is held in location by two set screws. 
● The adapters are leveled by three adjusting screws with a tilt range of +/- 7 

degrees 
● The adapter has a female base that is threaded to match the male pipe 

used.(available in 1.5", 2", 3" MPT, or 5/8 x 11 thread) 
 

 
 

Figure 5. SECO adapter. 
 

3.1.4 Receiver Configuration Settings 

The starting point for receiver configuration was a standard UNAVCO setup file with 
GPS and GNSS tracking. UNAVCO configuration files for the Trimble receivers are 
available from the web site link listed in reference 10. Figure 6 is a capture from the 
UNAVCO website showing a listing of the available configuration file options for the 
Trimble receivers. Based on measurement requirements listed in section 2 above, 
UNAVCO option “A” is used for CO-OPS cGNSS systems.  

 



 

Figure 6. UNAVCO configuration file options for the Trimble receivers. 
 

The UNAVCO configuration clone file is downloaded from the reference website and 
uploaded to the receiver through the receiver web interface. Figure 7 shows the Trimble 
receiver web interface home screen that appears upon initial connection (top) and figure 
8 shows the programmatic interface home screen.   

The UNAVCO configuration clone file is uploaded to the Trimble receiver following 
these steps: 

● Select Receiver Configuration 
● Select Application Files 
● Choose Upload Install Clone File from the Operation menu. 
● Select the configuration file that you would like to upload. 
● Select OK 

 



 

Figure 7. Trimble receiver (NetR9 and Alloy) web interface home screen. 
 

 
Figure 8. Trimble receiver (NetR9 and Alloy) programmatic interface home screen. 

 
 

Figure 9 shows the Trimble receiver screen that summarizes the key settings of the 
UNAVCO standard configuration file.  

 



 
 
 

Figure 9. Listing of key settings associated with the UNAVCO standard configuration file. 
.  

After uploading the configuration file, several additional features are modified or 
enabled/disabled through the Receiver Configuration menu. Most important is 
adjusting power to better handle CO-OPS’ remote DC powered installations, maximizing 
battery life and low-power operation. Figure 10 shows adjusted power configuration 
settings on the Receiver Configuration -> General tab. 



 

Figure 10. Trimble receiver web interface tab where power configuration settings are adjusted. 

3.2 Communications System 
 
As shown in the high level system design schematic at the beginning of section 3 (fig 1), 
the primary communications component of CO-OPS cGNSS field systems is a cellular 
gateway, also commonly referred to as an internet protocol (IP) modem.  The specific 
make/model modems used with cGNSS systems are the same models that are 
employed throughout CO-OPS PORTS and NWLON stations, the Sierra Wireless RV50 
and RV50X. CO-OPS’ Chesapeake Instrumentation Laboratory (CIL) configures the 
cGNSS IP modems with the same settings as those used with modems for NWLON and 
PORTS stations, and with identical security filters installed.  All cGNSS stations IP 
modems are provisioned with Verizon or AT&T. Due to the large file sizes and the 
unique polling system, a special 5GB data plan must be specified for these devices 
when provisioning. Figure 11 shows pictures of the RV50 IP modem with key 
components labelled.  



 

 
Figure 11. RV50/RV50X IP modem. 

 
The RV50X is designed to withstand harsh industrial conditions and is capable of 
surviving 5 V brownouts and spikes from -600 VDC to 200 VDC.  Its die cast aluminum 
housing is sealed to meet IP64 standards for resistance to dust and water ingress. The 
RV50X is tested to meet and exceed the MIL-STD-810G specification for shock, 
vibration, temperature and humidity. The RV50X is optimized for battery and solar 
applications, operating at 900 mW in idle mode. More information on power 
specifications is included section 3.3. 

Two antennas are used with RV50 in cGNSS installations: a Digital Antenna PW-1285 
Wide band 4G antenna and a dual band paddle diversity antenna.  

The Trimble receiver’s Network configuration settings selected for IP modem integration 
are summarized in the NetR9/Alloy web interface screen captures displayed in figure 
12. 

 



 

Figure 12. Trimble receiver network configuration settings used for IP modem integration.  
 

3.3 Power System 
 
An estimated power budget for CO-OPS’ Trimble based cGNSS field system is 
summarized in Table1. All results in the table are based on manufacturer specifications, 
not actual measurements.  The systems estimated total average current and daily 
power load, along with a desire to use some power system components that are 
standard to NWLON and PORTS inventory, led to the selection of the following power 
system primary components:  
 

● 2 Powersonic 12400 12VDC, 40 Ah sealed gel batteries (wired in parallel) 
● 1 Ameresco 12VDC, 40W solar panel 
● 1 ASC 12VDC 8A Solar regulator 

 
As documented in references 1 and 2, during the CO-OPS initial cGNSS design 
process (in early 2018) a 50W solar panel was recommended for the power system. 
However, this was guided by a power budget based on specifications of a Sierra 
Wireless modem model that preceded the RV50 series. Updating the system with the 



more efficient RV50 significantly reduced the total system power load, resulting in the 
selection of the 40W panel. 
 
As summarized in table 1, it is estimated that the cGNSS system could run for 
approximately 9 days in the event of an unexpected loss of charge, for example during 
a period of prolonged cloud cover.  Also, the Alloy and NetR9 have an additional 
internal battery installed which would result in an additional 18-24 hrs of operation 
following the stop of external power supply. 

 
Table 1. Estimated power budget for Trimble based cGNSS field system. 

 
 

3.4 Cables, Connectors, Wiring 
 
The diagram and table in figure 13 provides a detailed description of all cGNSS station 
cables, wiring, and connections. Connectors in figure 13 correspond to labelled 
components in figures 2,3,4, and 11.  



 
Figure 13. cGNSS station cabling and connector diagram.  

 

 

 
 
 
 
 



3.5 Data Telemetry 
 
In accordance with requirements summarized in section 2, the Trimble cGNSS 
receivers are configured to log GPS and GLONASS satellite track observations at a 30 
second sample rate and data are recorded in 24 hour (daily) log files. Log files are in a 
proprietary Trimble binary format (*.T02 extension). 
 
The daily binary *.T02 files are stored locally on the device and retrieved daily from 
servers in Silver Spring.  A custom HTTPS script, developed by ED and ISD, is used to 
connect to the GNSS receiver via-internet and transfer files once per day .  SSEB is 
currently researching other protocols for file transfer (FTP Push, SSH and SFTP).  
These changes will become necessary with our migration to Septentrio receivers, and 
as NOAA security requirements become more stringent. 
 
Daily binary files are converted to RINEX on CO-OPS servers upon ingestion. Raw 
binary files and converted RINEX files are all available on a CO-OPS intranet site: 
https://intranet.nos-tcn.noaa.gov/apps/cdis/gnss/ 
And a public ftp site: 
ftp://tidepool.nos.noaa.gov/pub/outgoing/gnss/ 
 
Details of data archival, sharing, and processing will be discussed in a separate 
document.  

 
  

https://intranet.nos-tcn.noaa.gov/apps/cdis/gnss/
http://tidepool.nos.noaa.gov/pub/outgoing/gnss/
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APPENDIX B - Trimble Alloy spec sheet 

 



 



 
 



APPENDIX C - Zephyr Geodetic antenna spec sheet
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